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A Jaborator? in\estipation wiis riia<~r of tlie oxiciation of 
propionaldehyde to  propionic acid, a useful intermediate 
i n  the preparation of cellulose esters and fungicidal salts. 

(:orriparative studies of cobalt and manganese propion- 
ates as cataljsts for the liquid phase oxidation of propion- 
alcleh?-de indicated the manganese salt to be superior to 
the cobalt salt, its optimum activity being reached at a 
<*oncentration of 30 to 100 parts of nietal per million part* 
~f aldehyde. In the presence of 6 to 6 7 ~  of water, ronver-  
sions of propionaldehyle to propionic acid were increased 
alwut 2.57~ in an arbitrarily- fined reaction time. h nioder- 
Lite improvement in yield also resiiltcd. Under the hest 
c,iJiiclitions the conversion of propionaltleh?-de was ahou t 
47' and the yield of propionic acid based on propionalde- 

h?cle consumed was apprtrxiniatel>- 9 0 7 ~ .  
I hese results show- that, with suitable catalysts, air 

oxidation is a good method for  converting propionaldeh?dr 
t o  propionic acid. 

-- 

I .  

LTHOt*C+H the o\iil:itioii (11 altleh:-tfes to c:irboxylic :iiaiil,. A is a \vell-knon.n rr:ii,tion, . l < > ~ v  Il:ita of 11 specific r i u t a r i ~  
Ii:ivv 1)cwi puhlishr.tl 1111 the p ration of propionic :ic.itl f r ~ i : ? ~  
~ r i~ i ,~~ iona l t i c~ l iy i l i~ .  31o-t of the published work appears in ttic. 
Ixitt'iit 1itr~r:ituri: :i t i t1 thcw patclrits deal chiefly with the prepmi-  
tion of wetic : i i , i t l  o r  :iwtic :anhydride. 

()tie study 01 the ositiation of propiorinldehyde witti pure 
(ix!.gen in the presence ut nianganese ha; heen reportrd. but, the 

ions in qurtntit>- [it' (>:it:ilyst were very limited x i d  only 
t \ v o  txsperinienty xere liitetl iii ivhich air \\-:is uwtl :is a S U ~ I K Y ~  

oi' oxygen (1  1. Thc, J ieltk icorrec.trd for  rtw)vcred a l t leh~de  J 

I ~ , i r n i  theae tw11 ~ ~ ~ ~ ~ i ~ r i ~ i t ~ i i t s  \vcw -53 :inti Ciciy,. :in 
:-i(,lil  rc'poi.tcd I t i r  expot~iiii(~nts iii n.1iic.h pure 0. 

ilrscrihecl  io^. use in either liquid or vapor phase oxidations, iis 

:ipplird to  a broad gr(111p of cmiipountlr, :ire carbon, silica gel, 
liliitiiiuni, copprr, copper oxidc. and sil ts  of aluniirium. chroniiuni, 
v:iriadium, ninnganpsv. ~ ~ ~ l ) n l t ,  iiickel, cerium: :intiniony, uranium, 
:i iicl birniuth. Oi thwe, n iu~igu~ie*i~  :inti col)alt salt$ were in- 
ilir,:tted T O  be ttie most suitable for liquid phase reaction and ivwe 
t iii.rt.forr studirti in the present work. 

\v:13 84.5%. :inlong the nuIIlRrOuJ cat:ll!.its th:1t h:lve 1)eC~ll 

PREPARATION OF CATALYSTS 

Both the manganese and cobalt were used in the form of their 
1)ropionie acid salts, with stock solutions of t'he salts in propionic 
:icid being prepared so tha t  the desired amount of catalyst roultl 
I )e conveniently added t o  the reaction system. 

SIanganese propionat'e was prepared by warming nietallic 
manganese and propionic acid until the metal was conipletely 
clissolved. -4 ly0 solution of manganese propionate was used in 
ttie first experiments and a 10% solution in the later work. 

Cobalt propionate was prepared by the reaction of a sufficient 
amount of cobaltous hydroxide with propionic acid to  give a 14r, 
*ohtion. The cobaltous hydroxide )vas prepared by precipitation 
from cobaltous nitrate solution with sodium hydroxide. 

1 Present address ,  11 14 Yummer St., I Ia tnmond.  Ind .  
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APP.ARA1'US AhL) PHOCEDCHE 

l'ropionaldehyde and cat,alyst, contained in a S-iiwk(d 500- 
nil. glass flask were puniped through a 7-nim. glass tube to t)l!c% 
top of a 3 foot X 1 inch column packed with '/*-inch g1:iss Iiaschlg 
rings and returned to  the flask against, a countercurrent flow of air. 
The air. which was supplied by B compression pump, was Iiietertd 
:ind then scrubbed with sulfuric acid and soda-litne before hririg 
tiubbled into the liquid in the reaction flask. The effluent W:IS 
passed through two aldehyde condensers that wrxre c o o l d  \vi( ti 
solid carbon dioxide and arranged in such :i manner that tlie 
imidensate could be continuously returned to  the rraction system. 
h stainless steel laboratory centrifugal pump  viis used t o circu- 

late the reaction liquid. Stainless steel withstood corrosior!, bit t 
thr cast-iron nipples with which the pump W:IP originally rxluipptd 
Iud t'o be removed, because the iron propionate that was formed 
interfered with the activity of the catalysts th:it were' being 
studied. 

1,:scept in a few cases, no attempt was made to control thv 
waction temperature. I'sually the oxidation was started at room 
tc>mperat,ure and within n short time, providing ttir catnlynt was 

ctorily, the temperature rose t o  betivcen 10" 
and 50' C". Because propionaldehyde boils a t  49' C., the codinK 
ctffect of the reflux liquid prevented the terripcrature froni going 
higher. The temprrature gradually decreased as thrl fin:iI st:tge 
i r f  the oxitlntion was approachctl. 

C.iTALTST IYVESTIGATION 

I k t o r t ~  other reaction variables were investig:itcAtl, :i st uti) :15 

iii;itir t o  ilcttJrmine the relative merits of cohalt m(l i i i : i i i g i t i ~ ~ - ~ *  

:I* c:itnly.sts :tnd to  est:tl,lish the optimum use rclnl'critI.latiiirii. 

The cliargr for each c~xprrinwnt \vas 290 KrLitiis ( 5  n i o l i ~  1 of 
I"oi,iottnltlrti~-dr itnd sufficient propionic acicl solution i ) f  c*:it:ilyit 
t o  give thix desired concentration. Sixtetw cubic fwt  of u r  
(:ipprosimatcly 6.7 gram-atoms of O j  were p:iiracd into the systim 
over approximately a 5-hour period. a sanipii3 of thv c111d(> 
rv:iction mixture had been titrated to  detcrrninc~ tlie masiniuni 
c*onversioti to propionic acid, the products were disti l ld through 
:UI ,Winch column of 24 nim. diameter packed with L;b-inch g1:tss 
Iicalices. Thrre fractions were taken: (I) a propionaldehyde rut  
rrl)  to 7,i" ('., ( 2 1  an intermediate cut tiistilling betweri  7 5 "  :in(l 
120" C., and ( 3 )  a propionic acid fraction distilling hetwecw 120' 
mid 141 CI. The last fraction was titratcd tu ~lrtc~rniirir i ts  
:ictu:il content of propionic :iriil, 

Dut:t o n  t h c  cnt;rlyst .stutlir.s are giver1 i t i  T : i h I i +  I : i t1(1 1 1 .  
1 tie nniouiit of c.:itnl>.st is givcsii in parts of nietal p i ~ r  niillioii 
Iiarts of ~ir~ipioii ; i ldeliy~t~, 
liioiiir :wit1 is the percentage of the aldehyde chargtd that :ip- 
Iwarrd a.' liropionic :x i t i  iii the product, fraction i i f  the dist,illa- 
tion. T h r  >-ieltl values rncike allowance for the recovered pro1iii~ii- 
:iltlrhyli~. The  yields timed on titration of the crude product? 
:irr tirit h h o n . n ,  hu t  these data indicated that distillation losses 
\v<'l'e :Illout 5%. 

Kith  no catalyst, very little oxidation occurred, but with only 
7 to  10 1i.p.m. of manganese or cotialt the reaction proceeded 
rapidly. The  percentage coiiversioii reached a m:tsinium at 
:ilwiit 50 p.p.in. and therrfi :ilipc~:ired tu k)cx no atlvant age Froin the 
uw of 1:irger :inmun+s. \I:I!I~::III~~v ~)ri)vcd to Iw t l i c .  Iwttr>r 

r .  

The percc,ntage run\ 
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